Abstract-Fuzzy time series models have been put forward for rice production from many researchers around the globe, but the prediction has not been very accurate. Frequency density or ratio based partitioning methods have been used to represent the partition of discourse. We observed that various prediction models used 7 th interval based partitioning for their prediction models, so we wanted to find the reason for that and along with finding the explanation for that we have proposed a novel algorithm to make predictions easy. We have tried to provide an explanation for that. This paper has been put forth due to the motivation from previously published research works in prediction logics. In the current paper, we use a fuzzy time series model and provide a more accurate result than the methods already existent. To make such predictions, we have used interval based partitioning as the partition of discourse and actual production as the universe of discourse. Fuzzy models are used for prediction in many areas, like enrolments prediction, stock price analysis, weather forecasting, and rice production.
INTRODUCTION
If there are doubts about the future, then forecasting process is a must. Forecasting process is used to predict outcomes in the future. Related data and figures are analysed carefully in order to make an accurate prediction and make optimal choices regarding the future. There are mainly two reasons for choosing time series forecasting. First, most of the data existing in the real world like economic, business, and financial area are in time series. Second, it is easy to evaluate time series data and many technologies are also available for evaluation of time series forecast. A fuzzy time series method is used and implemented to predict the production of rice with high precision, and also compare the result with other existing techniques. A major challenge to the human race in the coming time is to distribute food to the increasing size of the population; the population is anticipated to reach around 9,000 million in next 40 years. This situation can be detrimental since the world food production has not been able to meet the demand for food. Most of the work on time series has been carried out to solve problems like stock price prediction, sales and economic predictions, analysis of Budget, fluctuations and business analysis etc. Thus, there exists a persistent demand for forecasting techniques that offer optimal and precise results. These techniques must also be able to tackle and deal with the nonlinear, unusual and erratic behaviour and nature of crop production. Precision and accurate prediction of these real time systems have been a challenging task. Thus, there is a need for forecasting methods which are accurate and efficient and also can deal with all the uncertainty in the data for forecasting.
II. RELATED WORK
Fuzzy time series prediction is a prudent avenue in the areas where information is inexplicit, unclear and approximate. Also, fuzzy time series can tackle circumstances which do not provide the study and analysis of trends nor the visualisation of patterns in time series. Profound research work has been accomplished on forecasting problems using this concept. Vikas [1] proposed different techniques for prediction of crop yields and used the artificial neural network to predict wheat yield. Adesh [2] did a comparative study of different techniques involving neural networks and fuzzy models. Askar [3] also tried to predict crop yield using time series models. Sachin [4] [5] worked specifically on rice yield prediction using fuzzy time series model. Narendra [6] tried to predict Wheat yield. Pankaj [7] used adaptive neuro-fuzzy systems for crop yield forecasting Wheat Yield Prediction. W. Qiu, X. Liu and H. Li, [30] put forth a generalised method for forecasting based on fuzzy time series model. Fuzzy time series concepts and definitions were invented and presented by Song & Chissom. They also portrayed the concepts and notions of variant and invariant time series [8] [9] . Initially, time series data of the university of Alabama was taken and enrolment forecasting was executed, and after some years they also [10] formulated an average auto correlation function as a measure of dependency. Later, Chen [11] [12] depicted simplified arithmetic operations instead of using max-min composition operations that were previously accustomed by Song & Chissom and then, arranged forecasted model using high order fuzzy time series. Huarng [13] [14] , Hwang and Chen [15] , Lee Wang and Chen [16] , Li and Kozma [17] , all created numerous fuzzy forecasting methods, each with a slight variation. Lee et al. administered a fuzzy candlestick pattern to enhance forecasting outcomes [19] . Later, a multivariate heuristic model was designed and implemented to obtain highly intricate and complex matrix computations [20] . Research Work was performed to ascertain the length of Intervals of fuzzy time series [21] . Event discretisation function based Forecasting models were put forth [22] and practiced to predict the average duration of stay of a patient [23] . Garg [24] [25] 293 | P a g e www.ijacsa.thesai.org administering the notion of OWA weights. This model proved to be an accomplishment as it downsized forecasting error to a certain extent. Afterwards, Garg [26] [27] also put forward an optimised model based on genetic-fuzzy-OWA forecasting. Subsequently, the number of outpatient visits in the hospital was demonstrated by Garg [29] . As a matter of fact, the majority of these models was administered for prediction of all other problem domains except rice production. Keeping this fact in mind, this paper put forth a model to predict rice production for India on the premise of historical time series rice data. Real time data of Patnanagar farm, G.B. Pant University of Agriculture & Technology, India has been used by us, and this paper has applied the model to the afore-said data. Later, the final outcomes have been equated with already proposed models on identical rice data to validate its superiority.
III. PROPOSED METHOD
A method for rice production forecasting by using actual production as the universe of discourse and interval based partitioning is proposed in this section. The related notions and definitions regarding this can be found by referring to previously published paper [29] . Another method for forecasting the value, which this paper has provided, would be clearly explained in the lines to come. The forecasting process follows the following steps:
Step 1: Firstly, clearly depict the Universe of Discourse U and Partition U into equally length intervals. Here, according to the data, 3219 is the least value and 4554 is the largest value.
First, the Universe Of Discourse , i.e. the interval within which all the given values of rice production would lie needs to be specified .Thus, in this case , the Universe Of Discourse would be [3200 , 4600]. The Historical Data is given year wise in Table 1 . 294 | P a g e www.ijacsa.thesai.org
Step 2: Depict the fuzzy sets Fi then apply fuzzification. Now divide Universe Of Discourse in 7, 9 and 11 equal intervals these are as following: This method is explained as follow:
Consider that the need is to predict the value in the year 1985, and we're already given the actual data of the preceding years.
1981 -3552 (Let this be x) and its fuzzy sets are B2, C3, D3.
1982 -4177 (Let this be y) and its fuzzy sets are B5, C7, and D8.
1983 -3372 (Let this be z) and its fuzzy sets are B1, C2, and D2.
1984 -3455 (Let this be a) and its fuzzy sets are B2, C2, D3.
-?
(Let this be ‗b'. We have to forecast value of b) From subsequent tables, it can be inferred that b lies in interval B3, C4, D4.
(I). First, start with x, and from x, subtract the values of data following x. So, need is to compute (x-y), (x-z) individually and (x-a), and take the average of these 3 values as avg1.
(II) Similarly, from y, we subtract the values of the data following y in a discrete manner. Again, individually compute (y-z) and (y-a) and take an average of these two values. Let's call this avg2.
(III) There's only the value -a‖ following z. So compute (z-a). Let it be denoted by ‗Z'.
(IV) Now, compute Favg. 295 | P a g e www.ijacsa.thesai.org
Step 4: Calculation of Forecasted Values: Now, we have calculated the Favg value, we would predict the value of rice production at a particular year using this.
METHOD:
If we want to predict value at Year = X, first note Favg value at year = X-1. We need to make a fuzzy set mapping with production value as shown in Table 3 . Now, consider year X, note in which Fuzzy Interval it lies. Let L and R be the lower bound and the Upper Bound of that Fuzzy interval respectively. Then, we calculate the mid-point ‗C' of this interval as follows:
The mid-values of the 7, 9, and 11 intervals are calculated in the Tables 4, 5 C3  D3  1982  4177  B5  C7  D8  1983  3372  B1  C2  D2  1984  3455  B2  C2  D3  1985  3702  B3  C4  D4  1986  3670  B3  C4  D4  1987  3865  B4  C5  D6  1988  3592  B2  C3  D4  1989  3222  B1  C1  D1  1990  3750  B3  C4  D5  1991  3851  B4  C5  D6  1992  3231  B1  C1  D1  1993  4170  B5  C7  D8  1994  4554  B7  C9  D11  1995  3872  B4  C5  D6  1996  4439  B7  C8  D10  1997  4266  B6  C7  D9  1998  3219  B1  C1  D1  1999  4305  B6  C8  D9  2000  3928  B4  C5  D6   TABLE IV Here it can be observed that the MSE for all the forecasted values in 7 th interval based partitioning has been calculated in Table 8 . MSE gives us the deviation error from the actual value to the predicted value. The deviation in the form of a graphical representation has been shown in Figure 1 to give a better visibility. As it can be seen that the proposed algorithm gives values very near to the values that are the actual production values. Similarly, it is done for intervals 9 th and 11 th as shown in Tables 9 & 10 297 | P a g e www.ijacsa.thesai.org 
B. Results and discussion:
The MSE and AFER as calculated above in the Tables 8-10 have been analysed. This paper shows work on different intervals such as 7 th , 9 th and 11 th intervals. The majority of papers that have been published recently have worked on one of these intervals. The focus of this paper was to propose a novel algorithm and see its prediction variation on all these intervals. The results have shown that prediction works best for 7 th intervals among all other intervals. All the results are shown in the form of easy to understand bar graphs so as to reduce the complexity of this research and present it in a more easy to understand fashion. The MSE of all the intervals has been compared in Figure 4 . The comparison has been made with other existing methods proposed by Chen and Song & Chissom in Table 11 to prove that this algorithm is efficient. As it can be seen in Figure 5 , the proposed algorithm was able to achieve significantly lower MSE as compared to other methods. The model not only gives a lower MSE but also explains why researchers who make fuzzy logic predictions choose the 7 th interval for their line of work. All other intervals do not give better results than 7 th interval partitioning. There could be the reason that with increasing the number of intervals, the data becomes overly congested. Due to this, relevant data between the intervals do not get included in the prediction algorithm and affects the prediction results. If we keep the intervals lower than 7 th interval then the data get overly disseminated. So 7 th interval partitioning seems to be the overall best fit for fuzzy logic based prediction models. 
V. CONCLUSION AND FUTURE SCOPE
A new fuzzy time series strategy based upon the mean difference of the production of rice to predict the yield of rice in that particular year has been put forward by us. First, the set of data is divided into 7,9,11 intervals and for every year Favg value is calculated, using these Favg values the forecasted value of rice production in any year is calculated. After that, the results have been validated using the precision, accuracy and robustness of the proposed model by comparing it with other existing methods. It was noticed that the new method is optimal and produces the highest precision having a minimal mean square error and average forecasting error rate than those of the given prediction models. Therefore, the established fuzzy approach can be viewed as an inerrant and efficient way to assess, evaluate and approximate rice production. Keeping the future scope of this work in mind, the proposed model can be extended to deal with multidimensional time series data and augmented with more (IJACSA) International Journal of Advanced Computer Science and Applications, Vol. 8, No. 5, 2017 299 | P a g e www.ijacsa.thesai.org advanced algorithms. Proposed model can be extended by working on more intervals. Frequency based partitioning can also be applied to intervals to get better refinement in distribution.
